This paper presents a data acquisition system with available components and study of the feasibility of different existing methodologies linked to the field's data acquisition from remote photovoltaic (PV) water pumping systems. The data transmission serves to collect field's parameters such as water flow rate, global irradiation on an inclined and horizontal surface, voltage and current of photovoltaic field and ambient temperature. Various existing techniques are studied especially satellite, Radio, GSM (global system of mobile communication) and GPRS (general packet radio service). The system's hardware and software and an application to test its performance are described. The system will be used for reading, storing and analyzing information from several stations of PV water pumping located in remote areas in the arid region in the south of Tunisia. By this integrated system, we can constitute a complete data base of the different parameters related to PV water pumping systems in Tunisia. This data could be available on internet to interested parties.
Introduction
By its well geographical location, with respect to the solar irradiation, Tunisia is considered as one of the countries, which are better placed for the use of solar energy. Photovoltaic (PV) water pumping is one of the principal solar applications in Tunisia. There are several stations of PV water pumping situated in remote areas in the arid region in the south of Tunisia.
Accurate information on the parameters of PV water pumping system at a given location is essential to the development of this type of projects. These information (in particular, water flow rate, voltage and current of PV field, in addition to other meteorological information such as global solar irradiation on an inclined and horizontal surface and ambient temperature) are used in the design of a project, in cost analysis, and in calculations of the efficiency of a given project.
For Tunisia, these data are not easily available due to the cost and maintenance and calibration requirements of the measuring equipment. Therefore, it is important to constitute a complete database of the different parameters related to PV water pumping systems of Tunisia. This data could be available on internet to interested parties.
Several instruments or data logger are used to register, integrate and record solar energy measurements using conventional electronics or based on microprocessor data acquisition system [1] [2] [3] [4] . More recently, E. Koutroulis [5] proposed a computer-based data-acquisition system for monitoring both meteorological data and renewable energy sources system operational parameters. Lucia Nelli et al. [6] studied in 2005 the performances of a sophisticated monitoring system for an integrated PV shading device system in the University Building at Sesto Fiorentino, Italy.In 2008, S. Rosiek et al. [7] also built a microcontroller based data-acquisition system for solar and environmental monitoring.
This article describes the use of a micro-system of data acquisition for PV water pumping systems and various techniques of the data transfer to a personal computer.
Methodology
The data logger consists of a set of sensors for measuring both meteorological (e.g. solar irradiance, temperature etc.) and PV parameters (water flow rate, photovoltaic voltage and current etc.). The collected data are first conditioned using precise electronic circuits and then transmitted to a personal computer (PC). Fig. 1 below shows the schematic diagram of an existing system design. The information from the data logger will be transmitted to the PC at any time via USB, RS232, RS485, Ethernet, internet, Radio modem or GSM modem, where they are processed using the data acquisition software. The software is used to further process, display and store the collected data in the PC disk.
There are various existing techniques for data transmission, especially of remote transmission: Satellite, Radio, GSM (global system of mobile communication) and GPRS (general packet radio service). Fig. 2 shows a general scheme of the possibilities for field data collection and its transmission to a personal computer. Bearing in mind the above considerations, we are going to analyse the advantages and disadvantages of some of these systems. The use of the data transmission per satellite offers a tempting for the sites distance or difficult alternative of access, where it is impossible to install a telephone line or a radio operator network. The communication is possible by interfacing a power station of measurement with a satellite transmitter, which transmit the data of the site to a station of reception, as presented in Figure 3 . Transmitters, antennas, cables of interface and software, as well as the considerations on the system (for example; the wide one of the cover available, the window of transmission, the cost and the restrictions) vary according to satellite systems proposed. The majority of the options of communications can be integrated into our systems.
The satellite has a great spatial and temporal coverage and it is very useful in places without access to telephone lines. However, it is a very expensive method. Its main disadvantage is the high cost of its installation. The following is the description of transmitting the information from the Data Logger to the GSM Modem. Nowadays the use of mobile phones, especially GSM/GPRS, is being successfully implemented in the field of data transmission. Fig. 4 presents the general scheme of field data transmission through the GSM Modem/GPRS. The information from the sensors goes to the data logger where it is processed and it is passed by RS 232 or USB interface to the GSM Modem (SIM card), and later sends to PC connected by another Modem.
In the case of data failure transmission caused by a problem of the circuit or GSM Modem, it remains stored in the memory. Its main advantages are the flexibility and unlimited reach, although the latter is restricted by the cellular phone penetration rate. Another advantage is the low cost of the amount of transmitted data, as well as the remote control of the equipment and simple power solutions. The Radio has the possibility of sending and receiving a huge amount of information with reduced costs of the transmission. It is also a good alternative in the case of the lack of telephone lines. Its main disadvantage is the difficulty in obtaining permission for the transmission frequency and the high price of its installation.
The Data Logger stores the information retrieved by the sensors until the radio modem requests the data. The Radio Modem Base Station is connected to the computer or server. The Radio Modem is usually running in hibernated state until the Radio Modem Base Station requests a connection. The devices are presented in Fig. 5 . Having analysed various techniques we suggest that the field data transmission through the GSM Modem/GPRS offers the most significant advantages.
Description of the PV water pumping systems
In this work, two solar water pumping stations were selected. These stations are located in the isolated site in Medenine city (south of Tunisia); with a Saharan climate. The first station named BelKhchab (33.10 N, 10.05 E) and the second station named Om Chraket (32.55 N, 11.33 E). The two systems are used for potable water. A PV water pumping system consists of a PV array, inverter, submerged pump, storage tank, and auxiliary system of measuring devices and weather monitoring sensors, the two stations work without storage batteries. The Photographs and characteristics of the PV water pumping stations are shown respectively in Fig. 6 and table1. The modules of the two stations are mounted on a supporting structure so that the surface azimuth angle and the inclination angle of the modules are zero and 35°, respectively. The data acquisition system used in these stations is a HOBO Weather Station Data Logger. The proposed system consists of a set of sensors (can record up to 15 different sensors) for measuring both meteorological (e.g. solar irradiance, temperature etc) and photovoltaic parameters (water flow rate, photovoltaic voltage and current etc.).
The experimental data is registered in a data logger located about 150 km from the CRDA of Medenine. The information from the data logger will be transmitted to the PC at anytime via GSM modem, where they are processed using the HOBOWARE data acquisition software. The HOBOWARE program is used to further process, display and store the collected data in the PC disk. Fig. 7 shows the interface of HOBOWARE data acquisition software. The pumped water flow rate is the principal measuring parameter, the ambient temperature, global irradiation on an inclined and horizontal surface (H t , H), voltage and current of photovoltaic field (V, I) are also measured in order to construct a complete data base of the site and the system. The following transducers have been used for the various measurements. Turbine flow meters have been used for the flow rate measurements. The flow meters work in the range of 0 to 10 m 3 /h with an accuracy of ±0.05%. The flow metersgive 4:20 mA analogue signal calibrated to measured flowrate. Silicon pyranometers have been used to measure the solar radiation in the horizontal plane and in the plane of the PV arrays. The accuracy of the pyranometers is 10 W/m 2 or ±5%. Ambient temperature has been measured using an RTD sensor shielded from the sun. The uncertainty in the measurement of temperature is ±0.5°C. The DC voltage and current generated by the PV arrays and the AC voltage and current drawn by the pump motors have been measured using Hall Effect transducers of appropriate ranges. The accuracy of the voltage and current transmitters is ±0.25% of full scale.
Results and discussion
The experimental data registered in a data logger during one complete year (2009) at a time interval of one hour and transmitted from remote photovoltaic water pumping systems in the desert of Tunisia to the PC are analysed. Table 2and 3 show the results obtained for the PV water pumping system PVWPS (Station BelKhchab) for four days during the month of January, March, July and October, respectively. Table 4 and 5 show the results obtained for the PV water pumping system (Station Om Chraket) for four days during the month of January, March, July and October, respectively. The areas of the desert of Medenine, located in the South of Tunisia, benefit from a very significant irradiation for which the use of PV water pumping system can be considered with strong chances of success. The monthly average daily quantity of water pumped by station 1 is about 51 m 3 /day and is about 30 m 3 /day by station 2. The mean monthly global solar radiations in the horizontal surface of Medenine city are plotted in Fig. 8 From this figure, we find that the maximum monthly mean of global radiation occurs in the summer with a value of 289 kWh/m² per month and in spring 261kWh/m² per month. In autumn and winter we find respectively values of 197kWh/m² per month and 153kWh/m² per month. The mean monthly irradiance in the plane of the PV array of Medenine city is plotted in Fig. 9 . We find that the maximum of global solar radiation is high throughout the summer months reaching 281kWh/m² per month and in spring 274kWh/m² per month. In autumn and winter we find respectively 208kWh/m² per month and 171kWh/m² per month. Another factor which is prejudicial to the good behaviour and the efficiency of the PV array is the ambienttemperature. We can see in Fig 
Conclusion
Most present data-acquisition systems collect the data of interest and store them in a local memory until the system operator downloads them to a computer. Data-acquisition systems are used in remote PV water pumping systems, not only to measure the meteorological conditions, but also tocollect data regarding the system performance for evaluation purposes.
This paper, described the use of data logger for PV water pumping systems at the desert of Medenine in the South ofTunisia and the various techniques of the data transfer to a personal computer. This data has been analysed in ordertoevaluate the performance of a photovoltaic water pumping system.
